might bring about tumor angiogenesis and enhance tumor progression and metastasis (6).
█ INTRODUCTION
T he transferrin receptor (TfR, CD71) binds the primary serum iron-transport protein, transferrin, and mediates the uptake of cellular iron (21) . Even though the TfR expression in normal tissues is a relative limitation, a large number of tumor cells show high levels on their surface (5, 9, 20) . Hence, TfR could be regarded as a relevant target for antibody-based therapies against tumors. Moreover, therapeutic approaches -using anti-TfR antibodies to kill malignant cells -have been reported by many researchers (7). In previous researches, the anti-tumor effect of antibody against TfR has been demonstrated (22) . Nonetheless, anti-TfR mAb treatment led to an elevation in hypoxia-inducible factor-1a (HIF-1a) and HIF transcription targets, which ER stress-mediated apoptosis and diseases. Under intense or persistently high stress, the defensive functions (e.g. elevated levels of GRP78) are overwhelmed and the pro-apoptotic components (e.g. CHOP and caspase-4) become dominant and cause cell death (8).
Malignant gliomas have high resistance to chemotherapy and radiotherapy and elimination of residual tumor cells, which is still a tremendous challenge. Studies have shown that chemotherapeutic drugs induce CHOP and GRP78 in glioblastoma cell lines (17) . Our hypothesis was that the anti-TfR antibody would increase ER stress. In this report, we show that this is indeed the case. SiRNA against GRP78 further inhibited the growth of glioma cells by the anti-TfR antibody and/or Nimustine. Results mentioned above suggest GRP78 is a vital targeted gene therapy for malignant gliomas.
█ MATERIAL and METHODS

Cells, Antibodies and Chemotherapeutic Drugs
U251 and U87MG cells were from the Shanghai Institute for Biological Science of the Chinese Academy of Science, and anti-TfR mAb 7579 was purified and characterized in our laboratory as described previously (22) . The antibodies against GRP78, CHOP, actin and the secondary antibodies coupled to horseradish peroxidase were obtained from Santa Cruz Biotechnology (Santa Cruz, CA, USA), while chemotherapeutic Nimustine was bought from Daiichi Sankyo (Japan). Anti-TfR mAb and Nimustine effects on these cells have been published elsewhere (22) .
Western Blot Analysis
It took 72 hours to treat U87MG and U251 cells with anti-TfR mAb (0, 50, 100, 200, and 300 μg/mL) and/or Nimustine (0, 20, 40, 60, and 80 μg/mL). Based on western blot analysis, GRP78 or CHOP expression in cells were evaluated with anti-GRP78 or anti-CHOP antibodies as major antibody, followed by secondary horseradish peroxidase (HRP)-conjugated goat anti-mouse IgG antibodies according to manufacturer's recommendations (2).
Transfections with SiRNA
We transfected siRNA against GRP78 with LipofectAMINE 2000 (Invitrogen, San Diego, CA) into U251 and U87MG cells in line with the manufacturer's instructions. The siRNAs sequences reflect the following aspects: siRNA against green fluorescent protein (si-GFP) was used as a control, 5'-CAAGCUGACCCUGAAGUUCTT-3' (sense) and 5' -GAACUUCAGGGUCAGCUUGTT-3' (antisense); si-GRP78, 5'-GGAGCGCAUUGAUACUAGATT-3' (sense) and 5 '-UCUAGUAUCAAUGCGCUCCTT-3' (antisense) (14) . Transfected cells were counted and detected by western blot analysis to check the expression of GRP78.
Colony Formation Assays
After transfection with siRNA six-well plates at 200 cells per well were used to plant U87MG and U251 cells which were allowed to adhere overnight. Then, the medium was changed to include anti-TfR mAb (0, 50, 100, 200, and 300 μg/mL) and/ or Nimustine (0, 20, 40, 60, and 80 μg/mL) for 48 hours. Cells were incubated in fresh medium for 14 days without drug. With 1% methylene blue in methanol for 4 hours, colonies were visualized by their stain and quantified as well after termination of assay (2).
Cell Apoptosis Analysis
U87MG and U251 cells (2×10 5 ) were planted in six-well plates after transfecting with siRNA for 24 hours. Subsequently, these cells were co-cultured with anti-TfR mAb (0, 50, 100, 200, and 300 μg/mL) and/or Nimustine (0, 20, 40, 60, and 80 μg/mL) for 72 hours. The glioma cells' apoptosis was detected by flow cytometry with FITC-Annexin V and PI according to the manufacturer's recommendations.
Statistical Analysis
Figures were analyzed by Student's t-test in a statistical way or analysis of variance (ANOVA). p<0.05 suggested statistical significance.
█ RESULTS
Anti-TfR mAb Treatment of Glioma Cells Triggers CHOP/ GADD153 and GRP78
After U251 or U87MG cells were treated with rising concentrations on anti-TfR mAb and/or Nimustine, the expressions of GRP78 and CHOP in cells were detected by western blot analysis to determine the ability of anti-TfR mAb and/or Nimustine to induce the ER stress response (ESR) in glioma cells. As shown in Figure 1A -C, not only Nimustine but also anti-TfR mAb caused increased expression of GRP78 and CHOP, and a striking induction of GRP78 and CHOP was observed when Nimustine and anti-TfR mAb were combined. These data indicated that the anti-TfR mAb is a fresh inducer for the response to ER stress.
Inhibition Growth of U87MG and U251 Cells by GRP78 Knockdown
The GRP78 expression in U87MG as well as U251 cells was significantly reduced by si-GRP78 (data not shown).
Knockdown of GRP78 Sensitizes Gliomas to Anti-TfR mAb and/or Nimustine
To explore whether glioma cells increased the expression of ER chaperone GRP78 for protection against anti-TfR mAb and/ or Nimustine-mediated cell death, we transfected U251 and U87MG cells with siRNA against GRP78. We used increasing concentrations of anti-TfR mAb and/or Nimustine to detect the drug sensitivity of the cells after GRP78 knockdown (Figure 2A -C). Results by colony survival assays indicated GRP78 knockdown remarkably sensitized glioma cells to anti-TfR mAb and/or Nimustine, which suggested GRP78 might be a protector against the cytotoxic effects of anti-TfR mAb and Nimustine.
SiGRP78 Transfection Tumor Cells Apoptosis Induced by Anti-TfR mAb and/or Nimustine in vitro
When GRP78 knockdown cells were treated with a range (20-80 μg/mL) of Nimustine concentrations for 72 hours, there was A) U87MG and U251 cells were treated with Nimustine (0, 20, 40, 60, and 80 μg/mL). GRP78 and CHOP expression were detected by western blot. B) U251 and U87MG cells were treated with anti-TfR mAb (0, 50, 100, 200, and 300 μg/mL) GRP78 and CHOP expression were detected by western blot. C) U251 and U87MG cells were treated with anti-TfR mAb (100 μg/mL) and/or Nimustine (40 μg/mL), and U87MG cells were treated with anti-TfR mAb (100 μg/mL) and/or Nimustine (60 μg/mL). GRP78 and CHOP expression were detected by western blot.
Figure 2:
Knockdown of GRP78 sensitizes glioma cells to anti-TfR mAb and/or Nimustine. A) U251 cells were seeded in six-well plates at 200 cells per well after transfection with si-GRP78 or si-GFP for 24 hours. Subsequently, the cells were treated with Nimustine (0, 20, 40, 60, and 80 μg/mL) or anti-TfR mAb (0, 50, 100, 200, and 300 μg/mL) for 48 hours. The percent of colony survival was measured by methylene blue staining. B) U87MG cells were seeded in six-well plates at 200 cells per well after transfection with si-GRP78 or si-GFP for 24 hours. Subsequently, the cells were treated with Nimustine (0, 20, 40, 60, and 80 μg/mL) or anti-TfR mAb (0, 50, 100, 200, and 300 μg/mL) for 48 hours. The percent of colony survival was measured by methylene blue staining. C) U251 and U87MG cells were seeded in six-well plates at 200 cells per well after transfection with si-GRP78 or si-GFP for 24 hours. Subsequently, the cells were treated with Nimustine (U251, 40 μg/mL and U87MG 60 μg/mL) and/or anti-TfR mAb (100 μg/mL) for 48 hours. The percent of colony survival was measured by methylene blue staining. Each group was performed in triplicate (p<0.05).
A B
C A B C mAb were used as a combination, more GRP78 knockdown cells experienced apparent apoptosis. These results confirmed that downregulation of GRP78 could be an effective approach to induce drug sensitivity in glioma cells. an obvious growth in the ratio of apoptotic cells ( Figure 3A -C). Meanwhile, the percentage of cells undergoing apoptosis increased in a dose-dependent manner. In addition, anti-TfR mAb also had an increase in the percentage of apoptotic cells in a dose-dependent manner. When Nimustine and anti-TfR Recent findings show that ER stress plays a critical role in cancer progression (1, 12, 16, 23) . Although the discovery of ER stress in tumor growth contributes to the development of latest targeted therapeutic approaches against cancer (12), we know little on the potential exploitation in drug resistance and cancer therapy. In previous studies, we have illustrated an anti-TfR mAb that could inhibit cell proliferation, induce cell apoptosis, and enhance cytotoxic effects of chemotherapeutic drugs on glioma cells. We therefore investigated that whether the anti-TfR antibody alone or the combination with Nimustine would lead to the increasing of ER stress with tumor cell death.
We detected ER stress by two overexpression components of the ESR: One is a pro-apoptotic constituent and transcription factor of the ESR, known as CHOP/GADD153 (1), and the other one is an essential element of the protective arm and ER chaperone of ESR, known as GRP78/BiP (12). An increased induction of GRP78 was detected in a dose-dependent manner and CHOP induction was generally observed and increased in two glioma cell lines with anti-TfR mAb or Nimustine ( Figure  1A -C). The glioma cells resulted from severe induction of CHOP and GRP78 after the combination treatment of anti-TfR mAb and Nimustine, implying the existence of strong ER stress.
Taking into account that stress induction of GRP78 represents protection to tumor and confers chemoresistance, knockdown of GRP78 may be an effective target for anticancer therapy. Results show that both glioma cell lines witnessed significant increases in chemosensitivity to anti-TfR mAb and/or Nimustine (Figure 2A-C) . Recent studies demonstrate that blocking GRP78 expression by small molecules may represent the latest approach in future cancer therapy (3,4,10, 14, 15) .
Silencing GRP78 experiments were done to explore whether gliomas rely on GRP78 for protection against anti-TfR mAbmediated cell death. Our results show that glioma cells as GRP78 knockdown by siRNA exhibited increased cell apoptosis when treated with anti-TfR mAb or Nimustine and a higher cell apoptosis rate was observed when the combination was used ( Figure 3A-C) .
TfR is expressed not only at the brain cell membrane (BCM) but also at the blood-brain barrier (BBB)(11), and research shows that TfR against the rat TfR undergoes a PNA radiopharmaceutical through the BBB in vivo (19) . These studies imply that the anti-TfR mAb could deliver a siRNA against GRP78 and/or chemotherapeutic drugs to experimental gliomas.
█ CONCLUSION
Our results suggest that anti-TfR antibody could elevate expression of CHOP and GRP78 and further increase ER stress when combined with Nimustine. GRP78, one of the protective ER markers, knockdowns further sensitized glioma cells to killing by the anti-TfR antibody, Nimustine or the combination. Overall, our results present a target for increasing drug resistance.
